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$EVWUDFW
0HDVXULQJSUREHVDUH PDMRUFRPSRQHQWV RIFRRUGLQDWHPHDVXULQJPDFKLQHV 7KH\FRQWULEXWH WRODUJHH[WHQGWRPHDVXUHPHQW
XQFHUWDLQW\RIWKH&00,QWKLVSDSHU DQXPEHURIGHVLJQV SUHVHQWHGDQG WKHLUVWDWLFDQGG\QDPLFEHKDYLRXUV DUHGLVFXVVHG
7KH WKHRUHWLFDO UHVXOWVDUHH[SHULPHQWDOO\YHULILHG ,Q WKHFRUUHVSRQGLQJ OLWHUDWXUH OLWWOHLQIRUPDWLRQFDQEHIRXQGDERXWWKH'
FDOLEUDWLRQRIWKHVHSUREHV
7KH SDSHU DOVR RXWOLQHV WKH FRQVWUXFWLRQ RI D ' FDOLEUDWLRQ V\VWHP GLVFXVVHV LW¶V HUURU VRXUFHV WKHLU FRQWULEXWLRQ WR WKH
PHDVXULQJ XQFHUWDLQW\ 7KLV IDFLOLW\ KDV EHHQ GHYHORSHG WR FDOLEUDWH PHDVXULQJ SUREHV WR DQ DFFXUDF\ RI  ȝP $ KLJK
SUHFLVLRQ WKUHHD[LV WUDQVODWLRQ VWDJH PRYHV WKH SUREH VW\OXV DQG WKH SRVLWLRQ RI WKH VWDJH LV GHWHUPLQHG E\ WKUHH PXWXDOO\
RUWKRJRQDO SODQH PLUURU ODVHU LQWHUIHURPHWHU WUDQVGXFHUV 7KH FRRUGLQDWHV LQGLFDWHG E\ WKH SUREH DUH FRPSDUHG ZLWK WKH
FRRUGLQDWHVLQGLFDWHGE\WKHLQWHUIHURPHWHUVDQGWKH HUURUVRIWKHSUREHDUHWKHQFDOFXODWHG7KHZRUNLQJYROXPHRIWKHFDOLEUDWRU
LV[[ȝP7KHPHDVXUHPHQWVWUDWHJ\DQGGHVLJQFRQVLGHUDWLRQVDUHGLVFXVVHGDQGUHVXOWVDUHJLYHQWRGHPRQVWUDWH
LWVSHUIRUPDQFH
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
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 PHDVXULQJSUREHVXEPLFURQUHVROXWLRQ RSWLFDOGLVSODFHPHQWVHQVLQJ PHDVXULQJ XQFHUWDLQW\FDOLEUDWLRQ
 ,QWURGXFWLRQ
$V WHFKQRORJ\ DGYDQFHV WKH UHTXLUHPHQW IRU SDUW DQG SURGXFW TXDOLW\ EHFRPHV PRUH DQG PRUH VWULQJHQW
0HDVXUHPHQW XQFHUWDLQW\ LQ WKH QDQRPHWHU UDQJH ZDV ILUVW LQWURGXFHG LQ ' FRRUGLQDWH PHDVXUHPHQW RI
PLFURPHFKDQLFDO HOHPHQWV ,W ZDV UHFRJQL]HG WKDW WKH XQFHUWDLQW\ LV PDLQO\ GHWHUPLQHG E\ WKH DFFXUDF\ RI WKH
VHQVLQJ SUREH WKHUPDO GULIW RI WKH SURELQJ SRLQW DQG WKHPHWURORJLFDO IUDPH7KH GHYHORSPHQW RI SUREHVZLWK D
PHDVXULQJXQFHUWDLQW\IDUEHORZȝPZLOOEHDQLPSRUWDQWFRQWULEXWLRQ WRWKHDERYHPHQWLRQHGJRDO
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7KH SUREH SHUIRUPDQFH LV HIIHFWHG E\ D QXPEHU RI IDFWRUVZKLFK KDYH WR EH WDNHQ LQWR DFFRXQW LQ WKH GHVLJQ
SURFHVV *HRPHWULF HUURUV DUH LQKHUHQW WR PDQXIDFWXULQJ DQG DVVHPEO\ 'XH WR WKH OLPLWHG DFFXUDF\ RI WKHVH
SURFHVVHV WKH SUREH FDQ VKRZ LQDFFXUDFLHV $ W\SLFDO H[DPSOH RI WKH OLPLWHG PDQXIDFWXULQJ DFFXUDF\ LV WKH
GHYLDWLRQIURPWKH VSKHULFLW\RIWKHSUREHWLS7\SLFDODVVHPEO\HUURULVWKHPLVDOLJQPHQWRIWKHWUDQVGXFHUV 'XHWR
ILQLWH VWLIIQHVV WKH SURELQJ IRUFH FDXVHV D EHQGLQJ RI WKH VW\OXV >.QJ@>0HOL@ 3URELQJ IRUFH DOVR FDXVHV HODVWLF
GHIRUPDWLRQRIWKHVXUIDFHVHQVHGDQGWKHWLSEDOOGXHWR+HUW]LDQVWUHVV7KHH[WHQWRIWKHGHIRUPDWLRQGHSHQGVRQ
WKHPDWHULDOVPLFUR DQGPDFURJHRPHWULF IRUPVDQG WKH VHQVLQJ IRUFH ,QWHUQDODQGHQYLURQPHQWDO LQIOXHQFHVFDQ
LQWURGXFH WKHUPDOGLVWRUWLRQZKLFK LQ WXUQHIIHFW WKHSUREHDFFXUDF\'ULIW LVD W\SLFDOH[DPSOHRIVXFKDQHUURU
$OVRWKHORFDWLRQRIWKHVW\OXVWLSFDQVHULRXVO\FKDQJHGXHWRWKHUPDOH[SDQVLRQRIWKHVW\OXV'HIOHFWLRQUHVXOWLQJ
IURPWKHUPDOGHVWRUWLRQFDQEHDYRLGHGE\ GHVLJQLQJWKHUPDOO\V\PPHWULF VWUXFWXUHV
'LVSODFHPHQWRI WKHSUREH WLS FDQEHGHWHUPLQHGE\PHDVXULQJ WKHGHIRUPDWLRQRI WKHSUREH VXVSHQVLRQXVLQJ
VWUDLQJDXJHV7KH\FRQYHUWWKHHORQJDWLRQLQWRDSURSRUWLRQDOHOHFWULFVLJQDO8VXDOO\VWUDLQJDXJHVDUHJOXHGWRWKH
VWUHVVHGVXUIDFHWKDWPD\OHDGWRK\VWHUHVLVDQGFUHHSZKLFKUHVXOWVLQXQFHUWDLQW\+RZHYHUE\XVLQJHYDSRUDWLRQ
OLWKRJUDSK\DQGHWFKLQJIDPLOLDUWHFKQLTXHVLQLQWHJUDWHGFLUFXLWIDEULFDWLRQ WKHVWUDLQJDXJHVFDQEHLQWHJUDWHGLQWR
WKH VXVSHQVLRQ RI WKH SUREH 3LH]RUHVLVWLYH VWUDLQ JDXJH VKRZ VHQVLWLYLW\ WR WHPSHUDWXUH YDULDWLRQ DQG KDYH
VHOIKHDWLQJ
7KH GLVSODFHPHQW FDQ DOVR EH GHWHUPLQHG E\ FDSDFLWLYH GLVWDQFH VHQVRUV 7KH\ SURYLGH DSSUR[LPDWHO\  QP
UHVROXWLRQ XVXDOO\ RYHU D UDQJH RI IHZ KXQGUHG PLFURPHWHUV %XW WKH VHQVRUV DQG WKH FRQQHFWHG HOHFWURQLFV LV
H[SHQVLYHWKHLUUHVXOWVGHSHQGVRQHQYLURQPHQWDOHIIHFWV
$QRWKHUDOWHUQDWLYHLVWKHDSSOLFDWLRQRIDXWRIRFXVLQJVHQVRUVXVHGLQ&' DQG'9'GULYHV ,QD&''9'RSWLFDO
SLFNXSD ODVHUEHDPHPLWWHGIURPD ODVHUGLRGH LV ILUVWGLIIUDFWHGDQGFROOLPDWHG LQWR WKUHHEHDPVZKLFKDUH WKHQ
IRFXVHG RQ WKH RSWLFDO GLVN VXUIDFH  7KH GLVWDQFH RI WKH IRFXVLQJ OHQV LV FRQWUROOHG E\ D YRLFH FRLOPRWRU 7KH
UHIOHFWHGEHDPLVSDVVLQJWKURXJKDQDVWLJPDWLFHOHPHQW LPSLQJHRQWRDVL[VSOLWSKRWRGHWHFWRU7KHGHWHFWLRQRI
WKHODVHUEHDPIRFXVLQJFRQGLWLRQLVEDVHGRQWKHDVWLJPDWLFPHWKRGXVLQJDF\OLQGULFDOEHDPVKDSLQJOHQV:KHQ
WKHEHDPLVSHUIHFWO\ IRFXVHGRQWKHVXUIDFHWKHVSRWRQWKHIRXUTXDGUDQWGLRGHLVFLUFXODU ,IWKHVXUIDFHLVRXWRI
IRFXV WKH VSRW RQ WKH TXDGUDWH VHQVRUV DSSHDUVPRUH HORQJDWHG 0HDVXULQJ WKH IRFXV HUURU VLJQDO WKH YRLFH FRLO
PRWRUFDQGULYHWKHREMHFWLYHOHQVLQWR DSRVLWLRQDWZKLFKWKHIRFDOSRLQWUHWXUQHGWRWKHVXUIDFHRIWKHPHDVXUHG
REMHFW,QVXFKDZD\WKHGLVSODFHPHQWRIWKHREMHFWFDQEHPHDVXUHG
+\VWHUHVLV LV D UHVLGXDO HUURU WKDW RFFXU ZKHQ WKH ORDG RQ D ORRS RI VWUXFWXUDO FRPSRQHQWV LV LQFUHDVHG DQG
GHFUHDVHG LQ D F\FOLF ZD\ ,W LV FDXVHG E\ IULFWLRQ EHWZHHQ WKH FRPSRQHQWV DQG E\ LQWHUQDO PDWHULDO SURSHUWLHV
%HFDXVHWKHIRUFHGXHWRPHDVXUHPHQWLVQRWRIF\FOLF QDWXUHK\VWHUHVLVHUURUVFDQ¶WEHSUHGLFWHGVRWKH\VKRXOGEH
DYRLGHG 8VDJHRI IOH[XUHVLVDGYDQWDJHVEHFDXVHWKH\ H[KLELW QHJOLJLEOH K\VWHUHVLV
 2YHUYLHZRIWKHSUREHGHVLJQV
 7ULSRGSUREH
,Q WKH ODVW \HDUDQXPEHURI YDULRXVSUREHFRQVWUXFWLRQVKDVEHHQEXLOW LQRUGHU WR LQYHVWLJDWH WKHLUSURSHUWLHV
XQGHUGLIIHUHQWFLUFXPVWDQFHV7KHWULSRG VWUXFWXUHGLVFXVVHGLQWKLVSDUDJUDSKZDVILUVWGHVFULEHGE\3ULHO>3ULHO@$
SUREHZLWKDVLPLODU ZDVGHYHORSHGDWWKH13/>:HFNHQPDQQ@ EDVHGRQFDSDFLWLYHVHQVRUVDVPHDVXULQJHOHPHQWV
,QRXUFRQVWUXFWLRQWKH IOH[WXUHVWUXFWXUHLVPDGHIURPWXQJVWHQFDUELGHWXELQJDQGEHU\OOLXPFRSSHUVWULSVDVLWLV
VKRZQ LQ ILJXUH7KLV FRQVWUXFWLRQ LV VWLII DQG OLJKW7KHPRYLQJSDUWZHLJKWV RQO\PJ7KH VXVSHQVLRQ LV
LVRWURSLFDQGLWVVWLIIQHVVLV1P
7KH SUREH KDV D PHDVXULQJ UDQJH RI DERXW  P OLPLWHG E\ WKH JDS RI WKH FDSDFLWLYH VHQVRUV DQG WKH '
XQFHUWDLQW\LVQP7KHSUREHZDVGHVLJQHGWRRSHUDWHZLWKDVWDQGDUGSURELQJIRUFHRIP1FRUUHVSRQGLQJWR
DVW\OXV GHIOHFWLRQRIP7KHUHVROXWLRQRIWKHSUREHLVGHWHUPLQHGE\WKHUHVROXWLRQRIWKH FDSDFLWLYHJDXJHV
ZKLFKLVQP
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)LJXUH 7KHWULSRGSUREH
7KHVXEVHTXHQWUHODWLRQVKLSGHVFULEHVWKHWUDQVODWLRQVPHDVXUHGE\WKHVHQVRUVJDWKHUHGLQDYHFWRU0ZKHQWKH
SUREHWLSLVPRYHGRYHUDGLVWDQFH;WLS ZLWKUV LVWKHUDGLXVRIWKHLQWHUPHGLDWHURGVDQGOVW LVWKHOHQJWKRIWKHVW\OXV
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7KHUHODWLRQVKLSEHWZHHQWKHWLSGLVSODFHPHQWDQGWKHVHQVLQJIRUFHLVJLYHQE\ WKHHTXDWLRQ
ZKHUH
x (LV<RXQJ¶VPRGXOXVRIWKHVSULQJPDWHULDO
x *LVWKHVOLGLQJPRGXOXV
x ZV VWDQGVIRUZLGWKRIWKHVSULQJ
x WV LVWKHWKLFNQHVVRIWKHVSULQJ
x OV LVLW¶VOHQJWK
7KHGLVDGYDQWDJH RIWKLVFRQVWUXFWLRQLV WKDWGXHWRSDUDVLWLFWUDQVODWLRQVRIWKHURGVZKHQWKH\DUHWUDQVODWHGRXW
RIWKH[\SODQHWKHSUREHZLOOURWDWHDURXQGWKH]D[LV ZKHQPRYHGLQYHUWLFDOGLUHFWLRQ$GGLWLRQDOO\ZKHQSUREH
WLSLVQRWH[DFWO\RQWKH]D[LVLWZLOOPRYHRYHUDVPDOOSUHGLFWDEOHGLVWDQFHLQ[ RU\GLUHFWLRQZKHQPRYHGLQWKH
YHUWLFDOGLUHFWLRQ
7RPHDVXUHWKHGLVSODFHPHQWRIWKHGLVFVDWWKHHQGRIWKHLQWHUPHGLDWHERG\WZRYHUVLRQVZHUHWHVWHGFDSDFLWLYH
GLVWDQFHVHQVRUVDQGRSWLFDOSLFNXSVEDVHGRQDXWRIRFXVLQJSULQFLSOH7KHFDSDFLWLYHVHQVRUVKDYHDUHVROXWLRQRI
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OHVVWKDQRQHQDQRPHWHUZKLOHZLWKWKHRSWLFDOVHQVRUVLQWKHFXUUHQWIRUPDUHVROXWLRQRIDSSUR[LPDWO\QPFDQ
EHUHDFKHG7KHPHDVXUHPHQWUHVXOWVZLWKWKHODWHURQHDUHJLYHQLQVHFWLRQ
 &LUFXODU IOH[XUHSUREH
,QDQRWKHUFRQVWUXFWLRQ >6RKQ@ WKHVW\OXVLVVXVSHQGHGE\DWKLQGLDSKUDJPIOH[XUH7KHVW\OXVLVH[WHQGHGZLWKD
WXQJVWHQFDUELGWXEHLQVLGHWKHERG\HQGLQJLQDSROLVKHGDFFXUDWHFXEH
7KH[ \DQG]FRPSRQHQWVRI WKHGLVSODFHPHQWRI WKLV FXEHDUHPHDVXUHGXVLQJQRQFRQWDFW VHQVRUVDQG IURP
WKHVHYDOXHVWKHGLVSODFHPHQWRIWKHSUREHWLSLVFDOFXODWHG 7KHV\PPHWULFGLDSKUDJPIOH[XUHFRPSULVHVRIPXOWLSOH
IROGHGEHDPSDLUV7KHURWDWLRQDOV\PPHWU\HOLPLQDWHVWKHSDUDVLWLFURWDWLRQRIWKHGLDSKUDJPDQGWKHIROGHGEHDP
JHRPHWU\UHOLHYHVDQ\D[LDOVWUHVVDVVRFLDWHGZLWKZLWKRXWRISODQHPRWLRQV7KHLQFUHDVHGHIIHFWLYHOHQJWKRIWKH
IROGHGEHDPV SURYLGHV ODUJHU UDQJH RIPRWLRQ DORQJ WKH GHJUHHV RI IUHHGRP+RZHYHU WKLV VWUXFWXUH UHGXFHV WKH
URWDWLRQDOVWLIIQHVVDORQJWKH]D[LV
)LJXUH&URVVVHFWLRQRIWKHFLUFXODUIOH[XUHSUREH
7KH HTXDWLRQV GHVFULELQJ WKH IRUFHGLVSODFHPHQW EHKDYLRXU RI D VLPSOH FXUYHGEHDP LV GHVFULEHG DVVXPLQJ
VWDQGDUG (XOHU%HUQRXOOL DSSUR[LPDWLRQV QHJOHFWLQJ WKH QRQOLQHDULWLHV DVVRFLDWHG ZLWK JHRPHWULF FRPSDWLELOLW\
DUH>$ZWDU@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&RQWUDU\ WR WKH WULSRG SUREH DV D UHVXOW RI WKH V\PPHWULF JHRPHWU\ WKHUH LV QR NLQHPDWLF SDUDVLWLF URWDWLRQ
([WHQGLQJ WKHHTXDWLRQVDERYHIRUGHVFULELQJWKHFRPSOH[VWUXFWXUHFDQQRWEHGHVFULEHGLQFORVHGIRUP7KHUHIRUH
ZHKDYHVLPXODWHG WKHGHIRUPDWLRQRI WKH IOH[WXUHXVLQJ ILQLWH HOHPHQWPHWKRG ,Q ILJXUH WKHGHIRUPDWLRQDVD
UHVXOWRIWKHSUREHWLSGLVSODFHPHQWLQ WKH[GLUHFWLRQLVJLYHQ
)LJXUH'HIRUPDWLRQRIWKHPHPEUDQHIOH[XUHXQGHUWKH
GLVSODFHPHQWRIWKHSUREHWLSLQWKH[\SODQH
 4XDGURSRG SUREH
7KHTXDGURSRGVWUXFWXUHZDV ILUVW VXJJHVWHGDQGGLVFXVVHGE\&KX>&KX@ZKR XVHG LWDV WKH VXVSHQVLRQ LQD
WRXFKWULJJHUSUREH7KHVW\OXVLVPRXQWHGLQWKHJHRPHWULFFHQWUHRQVWLIIFURVVIRUPZKLFKLVVXVSHQGHGRQIRXU
EHULOOLXPFRSSHUVOHQGHUURGV7KHVFKHPDWLFGLDJUDPRIWKHVWUXFWXUHLVJLYHQLQ)LJ7KHFRQVWUXFWLRQKDVHTXDO
VWLIIQHVV SURSHUW\ WR HQVXUH FRQVWDQW FRUUHODWLRQ EHWZHHQ WKH SURELQJ IRUFH DQG WKH SUREH WLS GLVSODFHPHQW
LQGHSHQGHQWRIWKHDSSURDFKDQJOHV
)LJ6FKHPDWLFUHSUHVHQWDWLRQRIWKHTXDGURSRG
PHFKDQLFDOVWUXFWXUH
7KH VOHQGHU URGV FDQ EH FRQVLGHUHG DV EHDPV ZLWK WKHLU WZR HQGV IL[HG 7KHUHIRUH WKH VROXWLRQ RI WKH EHDP
HTXDWLRQIRUWKHURWDWLRQDURXQGWKH\D[LVLVJLYHQE\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)LJXUH&RPSXWHUPRGHORIWKHTXDGURSRGSUREH
7KHGLVSODFHPHQWVRI WKHPLUURUVDW WKHHQGRI WKH LQWHUPHGLDWHERG\DUHPHDVXUHGXVLQJRSWLFDOSLFNXSEDVHG
DXWRIRFXVLQJVHQVRUV7KHLU UHVROXWLRQLVDSSUR[LPDWHO\QP
 7KHFDOLEUDWLRQV\VWHP
 7KHPHFKDQLFDOFRQVWUXFWLRQ
$OOFULWLFDOPHFKDQLFDOSDUWVRIWKH FDOLEUDWLRQ V\VWHPDUHFRQVWUXFWHGRIDQDOOR\ZLWKDORZFRHIILFLHQWRIWKHUPDO
H[SDQVLRQ ,QYDU 7KHUPDO H[SDQVLRQ SUREOHPV DUH IXUWKHU UHGXFHG E\ HQVXULQJ WKDW WKH IDFLOLW\ LV WKHUPDOO\
EDODQFHG LH H[SDQVLRQ LQ RQH SDUWPHFKDQLFDOO\ FRPSHQVDWHV WKH H[SDQVLRQ RI DQ DQRWKHU 7KHVH SUREOHPV DUH
PRVWSURPLQHQWLQWKH]D[LVRIWKHSUREHFDOLEUDWLRQ V\VWHPRQDFFRXQWRIWKHODUJHUPHDVXUHPHQWORRSUHTXLUHGWR
DFFRPPRGDWHWKHSUREHXQGHUWHVW
)LJXUH7KHFRQVWUXFWLRQRIWKHFDOLEUDWLRQV\VWHP
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7KHSUREHWLSLVPRYHGE\DSUHFLVLRQWKUHHD[LVWUDQVODWLRQVWDJHPRYHVWKHSUREHVW\OXVDQGWKHSRVLWLRQRIWKH
VWDJH LV GHWHUPLQHG E\ WKUHH PXWXDOO\RUWKRJRQDO SODQH PLUURU ODVHU LQWHUIHURPHWHU WUDQVGXFHUV 7R HQVXUH WKH
SHUSHQGLFXODULW\ RI WKH SUREH WR EH FDOLEUDWHG DQG WKH [\ VXUIDFH RI WKH QDQRSRVLWLRQLQJ VWDJH DQ DOLJPHQW
PHFKDQLVPZDVGHYHORSHG ,W FRQVLVWVRID IOH[XUHVWDJHSRZHUHGE\ WZRPDQXDOPLFURPHWHUVDQGRQ WRSRI LWD
WULDQJXODUSODWHZLWKWKUHHSLQHSLWFKVFUHZVIRUDGMXVWPHQW$WKLUGPLFURPHWHULVDYDLODEOHIRUWKHDGMXVWPHQWLQWKH
]GLUHFWLRQ
7KH OHQJWKVRI WKHRSWLFDOEHDPSDWKV WKDW IRUPSDUWRI WKHPHDVXUHPHQW ORRSRI WKH LQWHUIHURPHWHUVKDYHEHHQ
PLQLPLVHGWRDYRLGHUURUVDULVLQJIURPIOXFWXDWLRQVLQWKHUHIUDFWLYHLQGH[RIWKHDPELHQWDLU2YHUDSHULRGRIRQH
KRXUWKHSHDNWRSHDNDLUWHPSHUDWXUHIOXFWXDWLRQLVDERXW&7KLV ZDVUHDFKHGE\SXWWLQJ WKHFDOLEUDWLRQV\VWHP
LQDGRXEOHZDOOHG WHPSHUDWXUHFRQWUROOHGHQFORVXUH9DOXHVRIDLU WHPSHUDWXUHEDURPHWULFSUHVVXUHDQGKXPLGLW\
DUHPHDVXUHGDWWKHVWDUWRIDWHVWDQGXVHGWRFDOFXODWHWKHUHIUDFWLYHLQGH[RIWKHDLU
 7KH PHDVXULQJIUDPH
$OOFULWLFDOPHFKDQLFDOSDUWVRIWKH FDOLEUDWLRQ V\VWHPDUHFRQVWUXFWHGRIDQDOOR\ZLWKDORZFRHIILFLHQWRIWKHUPDO
H[SDQVLRQ ,QYDU 7KHUPDO H[SDQVLRQ SUREOHPV DUH IXUWKHU UHGXFHG E\ HQVXULQJ WKDW WKH IDFLOLW\ LV WKHUPDOO\
EDODQFHG LH H[SDQVLRQ LQRQHSDUWPHFKDQLFDOO\FRPSHQVDWHV WKHH[SDQVLRQRI DQRWKHU RQH 7KHVHSUREOHPVDUH
PRVWSURPLQHQWLQWKH]D[LVRIWKHSUREHFDOLEUDWLRQV\VWHPRQDFFRXQWRIWKHODUJHUPHDVXUHPHQWORRSUHTXLUHGWR
DFFRPPRGDWHWKHSUREHXQGHUWHVW
)LJXUH  0RGHORIWKHPHDVXULQJIUDPHWHP
7KHPRGHORIWKHPHDVXULQJV\VWHPFRQVLVWVRI
x ; UHI< UHI DQG=UHI DUH;<DQG=D[LVRIWKHPHDVXULQJIUDPHFRRUGLQDWHV\VWHPZLWKLWV¶VRULJRDW
WKHPHVKSRLQWRIWKHODVHUEHDPV+HUHE\WKH$EEHHUURULV HOLPLQDWHG
x ;R<R DQG=R DUHWKHFRRUGLQDWHVRIWKHWDEOHFRRUGLQDWHV\VWHP¶VRULJR
x ; RII< RII DQG=RII DUHWKHRIIVHWSRVLWLRQVRIWKHLQWHUIHURPHWHUVDORQJWKHUHVSHFWLYHPHDVXULQJIUDPH
D[LV
x ¨/[ ¨/\ DQG ¨/] DUH WKHPHDVXUHG GLVSODFHPHQWV IURP WKH RULJR DORQJ WKH UHVSHFWLYH D[LV RI WKH
PHDVXULQJIUDPH
x G[G\ DQGG] DUHWKHVHSDUDWLRQVEHWZHHQWKHEHDPVRIWKHUHVSHFWLYHGXDOEHDPLQWHUIHURPHWHUV
x /[/[/\ /\ /] DQG/] DUHWKHGLVSODFHPHQWVPHDVXUHGE\WKHLQWHUIHURPHWHUV
7KHDQJXODUHUURUVDUHJLYHQE\WKHIROORZLQJHTXDWLRQV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7KHPHDVXULQJPLUURUVDUHQRWSHUIHFWO\IODW7KHGHYLDWLRQIURPWKHLGHDOSODQHVXUIDFHFDQEHGHWHUPLQHGXVLQJ
WKHSURFHGXUHGHVFULEHGLQRQWKH PDFKLQHLWVHOIE\PHDQVRIWKHODVHULQWHUIHURPHWHUV,IZHFRQVLGHUWKHODVHUEHDP
DV UD\ ZLWK QHDUO\ ]HUR GLDPHWHU WKHQ WKH IODWQHVV HUURU RI WKH PLUURUV UHVXOWV LQ DQ HUURU RI WKH GLVSODFHPHQW
PHDVXUHPHQW+RZHYHUWKHILQLWHGLDPHWHURIWKHEHDPKDVDQLQWHJUDWLRQSURSHUW\VRWKHORFDOIODWQHVVHUURUFDQEH
FRPSHQVDWHGWRDFHUWDLQH[WHQG:DYHQHVVHUURUVODUJHUWKDQWKHEHDPGLDPHWHUKDYHWREHWDNHQLQWRDFFRXQW$
PDSRIWKHPLUURUVXUIDFHLVWKHQHFHVVDU\DQGVXIILFLHQWLQIRUPDWLRQIRUWKHFRPSHQVDWLRQRIWKLVW\SHRIHUURUV
 (UURUVRXUFHVDQGPHDVXULQJXQFHUWDLQW\
7KHODUJHVWHUURUVRXUFHVDUHWKHJHRPHWULFHIIHFWVGXH WR$EEHRIIVHWDQGDUHFDXVHGE\DQJXODUJXLGLQJHUURUV
GXHWRSLWFKDQG\DZLQWKHPRWLRQRIWKHD[LVVWDJHXVHG0LVDOLJQPHQW RIWKHODVHUEHDPWRWKHPHFKDQLFDOD[LV
RIPRWLRQUHVXOWVLQDQHUURUEHWZHHQWKHPHDVXUHGGLVWDQFHDQGWKHDFWXDOGLVWDQFHWUDYHOOHG7KLVLVFDOOHGFRVLQH
HUURUEHFDXVHLWVPDJQLWXGHLVSURSRUWLRQDOWRRQHPLQXVWKHFRVLQHRIWKHDQJOHRIPLVDOLJQPHQW%\IROORZLQJWKH
SURSHU DOLJQPHQW SURFHGXUHV IRU HDFK W\SH RI LQWHUIHURPHWHU FRVLQH HUURU FDQ EH PLQLPL]HG &RVLQH HUURU LV D
SURSRUWLRQDO WHUP LW PHDQV WKDW WKH UHVXOWLQJ PHDVXUHPHQW HUURU LV D IXQFWLRQ RI WKH GLVWDQFH PHDVXUHG E\ WKH
LQWHUIHURPHWHU
7KHVRXUFHRIWKHLQWHUIHURPHWHUV\VWHPLVDIUHTXHQF\VWDELOLVHG+H1HODVHURSHUDWLQJDWDQRPLQDOZDYHOHQJWK
RIQP7KHZDYHOHQJWKLVDIXQFWLRQRIWKHUHIUDFWLYHLQGH[RIWKHDPELHQWDWPRVSKHUHLQZKLFKLWRSHUDWHV7KH
UHIUDFWLYH LQGH[ LV GHSHQGHQW XSRQ WKH WHPSHUDWXUH SUHVVXUH KXPLGLW\ DQG FKHPLFDO FRPSRVLWLRQRI WKH DPELHQW
DWPRVSKHUH7KHVRIWZDUHPDNHVXVHRIWKHPRGLILHGHTXDWLRQVGXHWR(GOHQWRFDOFXODWHDFRUUHFWHGYDOXHIRUWKH
UHIUDFWLYHLQGH[RIWKHDLUXVLQJYDOXHVRIWKHDPELHQWFRQGLWLRQVPHDVXUHGLPPHGLDWHO\EHIRUHDWHVW
7KHWKUHHSODQHPLUURUVDUHPXWXDOO\RUWKRJRQDOWRZLWKLQDUFVHFRQGVDQGIODWWROHVVWKDQȜPDNLQJWKHPD
QHJOLJLEOHVRXUFHRIV\VWHPDWLF HUURU7KHUHVXOWLQJXQFHUWDLQW\DQGLW¶VFRPSRQHQWVDUHJLYHQLQ WKHIROORZLQJWDEOH
6RXUFH RI
XQFHUWDLQW\
3UREDELOLW\
GLVWULEXWLRQ 'LYLVRU
6WDQGDUG
XQFHUWDLQW\
(UURUGXHWRILQLWHUHVROXWLRQ 5HFWDQJXODU ¥ QP
:DYHOHQJWKFRPSHQVDWLRQ 5HFWDQJXODU ¥ QP
'HDGSDWKFRUUHFWLRQ 5HFWDQJXODU ¥ QP
&RVLQH HUURU 5HFWDQJXODU ¥ QP
&RPELQHGVWDQGDUGXQFHUWDLQW\ 1RUPDO  QP
 0HDVXULQJUHVXOWV
7KHVHWXSHQDEOHVWKHFDOLEUDWLRQRISUREHVWR QPXQFHUWDLQW\ZLWKQPUHVROXWLRQ,Q )LJWKHFDOLEUDWLRQ
UHVXOW RIWKHWULSRGZLWKRSWLFDOVHQVRUV ZLWKDSSURDFKGLUHFWLRQLQWKH[D[LVLV JLYHQ 6LPLODUUHVXOWVZHUHJDLQHGIRU
WKHRWKHUGLUHFWLRQVDVZHOO7KHH[SHULPHQWSUHVHQWHGKHUHZDV FDUULHGRXWRQ DJUDQLWHWDEOHRQYLEUDWLRQGDPSLQJ
IRRWVDWDURRPWHPSHUDWXUH&DQGUHODWLYHKXPLGLW\RI ([WHQVLYHWHVWVDUHSUHSDUHGIRUWKHWULSRGDQGWKH
RWKHUSUREHFRQVWUXFWLRQVDVZHOO
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)LJ'LIIHUHQFHEHWZHHQGLVSODFHPHQWDVPHDVXUHGE\LQWHUIHURPHWHUDQGGLVSODFHPHQWFDOFXODWHGIURPRSWLFDOVHQVRU¶VRXWSXW
 &RQFOXVLRQ
:LWKWKHLQFUHDVLQJDSSOLFDWLRQRIPLFURPHFKDQLFDOHOHPHQWVFRRUGLQDWHPHWURORJ\IDFHVDQHZFKDOOHQJH7KH
SDSHUSUHVHQWHGD QXPEHU KLJKSUHFLVLRQSUREHFRQVWUXFWLRQDGHTXDWH IRU VHQVLQJ WKHVH WLQ\DQGDFFXUDWHREMHFWV
7KHVH SUREHV FDQ EH PDQXIDFWXUHG E\ FRQYHQWLRQDO WHFKQRORJLHV DGHTXDWH UHVROXWLRQ DQG XQFHUWDLQW\ FDQ EH
UHDFKHGXVLQJVHQVRU\WHFKQRORJ\DSSOLHGLQFRQVXPHUHOHFWURQLFV
$FNQRZOHGJHPHQWV
7KH DXWKRU JUDWHIXOO\ DFNQRZOHGJH WKH VXSSRUW SURYLGHG WR WKLV SURMHFW E\ WKH 1DWLRQDO 6FLHQFH )RXQGDWLRQ
27.$XQGHUWKH FRQWUDFW QR 7
5HIHUHQFHV
6$ZWDU³6\QWKHVLVDQG$QDO\VLVRI3DUDOOHO.LQHPDWLF;<)OH[XUH0HFKDQLVPV´ 3K'7KHVLV0,7
(%RV³7DFWLOH'SURELQJV\VWHP IRUPHDVXULQJ0(06 ZLWKQDQRPHWHUXQFHUWDLQW\´ 3K'7KHVLV 78(LQGKRYHQ 
&/&KX&<&KLX³'HYHORSPHQWRIDORZFRVWQDQRVFDOHWRXFKWULJJHUSUREHEDVHGRQ WZRFRPPHUFLDO'9'SLFNXSKHDGV´ 0HDVXUHPHQW
6FLHQFHDQG7HFKQRORJ\ SS±
7/LHEULFK :.QDSS ³1HZFRQFHSWRID'SURELQJV\VWHPIRUPLFURFRPSRQHQWV´ &,53$QQDOV  0DQXIDFWXULQJ7HFKQRORJ\  
SS±
$.QJ)0HOL57KDOPDQQ ³8OWUDSUHFLVLRQPLFUR&00XVLQJDORZIRUFH'WRXFKSUREH´ 0HDVXUHPHQW6FLHQFHDQG7HFKQRORJ\ 
SS±
) 0HOL 0 )UDFKHERXG 6 %RWWLQHOOL 0 %LHUL 5 7KDOPDQQ -0 %UHJXHW 5 &ODYHO ³+LJK SUHFLVLVLRQ ORZ IRUFH ' WRXFK SUREH IRU
PHDVXUHPHQWVRQVPDOOREMHFWV´ (XVSHQ,QW7RSLFDO&RQIHUHQFH$DFKHQ*HUPDQ\0D\
:23ULOÄ'HYHORSPHQWRI+LJK3UHFLVLRQ0HFKDQLFDO3UREHVIRU&RRUGLQDWH0HDVXULQJ0DFKLQHV´ 3K'7KHVLV78(LQGKRYHQ 
6KLK&KL&KHQ'*ROGD$+HUPDQQ$+6ORFXP³'HVLJQRIDQXOWUDSUHFLVLRQGLDSKUDJPIOH[XUHVWDJHIRURXWRISODQHPRWLRQJXLGDQFH´
3URF'(7&¶$60( 'HVLJQ(QJLQHHULQJ7HFKQLFDO&RQI 6HSW 2FW6DOW/DNH&LW\8WDK86$
$6RKQ7$'RZ($0DULQR³$QHZGHVLJQIRUDWKUHHGLPHQVLRQDOPHDVXULQJSUREH´
:3YDQ9OLHW3+-6FKHOOHNHQV³$FFXUDF\OLPLWDWLRQVRIIDVWPHFKDQLFDOSURELQJ´ $QQDOVRIWKH&,53 
:3YDQ9OLHW3+-6FKHOOHNHQV³'HYHORSPHQWRIDIDVWPHFKDQLFDOSUREHIRUFRRUGLQDWHPHDVXULQJPDFKLQHV´ 3UHFLVLRQ(QJLQHHULQJ 9RO
SS±
$:HFNHQPDQQ*3HJJV-+RIIPDQQ³3URELQJV\VWHPVIRUGLPHQVLRQDOPLFUR DQGQDQRPHWURORJ\´ 0HDVXUHPHQW6FLHQFHDQG7HFKQRORJ\
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